A sensitive qualitative detection method for soybeans in foods by using the polymerase chain reaction (PCR) was developed. For specific detection of soybeans with high specificity, the primer pair of Gym 81/Gym 82 was designed on the gene encoding the Glycine max repetitive sequence. The trace amount of soybeans in commercial food products could be qualitatively detected by this method.
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Food allergies have constituted an important health problem in recent years in industrialized countries, and it is estimated that approximately 8% of children and 2% of adults have some type of food allergy. [1] [2] [3] To prevent possible life-threatening reactions, the only effective treatment is to strictly avoid the consumption of these allergenic foods. Therefore, sufficient information about potentially allergenic ingredients in a food product is necessary. 4, 5) In 1999, the Joint FAO/WHO Codex Alimentary Commission agreed to label eight kinds of food which contain ingredients known to be allergens, including soybeans. 6, 7) In Japan, the Ministry of Health, Labor and Welfare has enforced a labeling system for allergenic food material since April 2002.
3) With this system, labeling of five food products (egg, milk, wheat, buckwheat, and peanuts) is mandatory, and is recommended for twenty other food materials such as soybeans and shrimp. Soybean labeling is particularly important, because of the almost unlimited uses of soybean, and the number of patients with an allergy to soybeans has been increasing. [8] [9] [10] [11] In the present study, we developed a detection method for soybeans with high specificity and sensitivity using PCR. We show that the established method could be applicable for processed food products, and a trace amount of soybeans contained in a commercial food product can be detected by the proposed method.
Nine varieties of soybean (Glycine max L.), including seven varieties of domestic soybean (Toyokomachi, Toyomusume, Ryuhou, Tachinagaha, Enrei, Fukuyutaka and Murayutaka) and two varieties of U.S. soybean (Vinton and Navy), were collected in our laboratory. Legume relatives such as two varieties of the common bean (Phaseolus vulgaris cul. Tebou and Phaseolus vulgaris cul. Toramame), azuki bean, cowpea, broad bean, pea, lentil, lupine, chickpea and peanut, and grain samples of wheat, rye, barley, oats, corn, rice, buckwheat and rapeseed were also purchased by our laboratory. Eight kinds of nuts (almond, cashew, macadamia, pistachio, hazelnut, Brazil nut, pecan and walnut) were kindly provided by Morinaga Co., Ltd. Soybean-derived food materials including seasonings, lecithin, fiber and protein were collected by our laboratory, and ten kinds of commercial food products with soybeans in the list of ingredients were purchased from a local market in Japan.
The seed materials of the soybeans, other crops, food materials and commercial food products were ground with a Multi-Beads Shocker (Yasui Kikai, Osaka, Japan) and then the homogenous powders were used as the test samples. Wheat was used as the matrix to prepare the model mixed samples. Wheat grains were ground to a fine powder with a grinder and 0, 0.001, 0.005, 0.01, 0.1 and 100% of soybean flour (Nikka Fats & Oils, Tokyo, Japan) was then mixed according to the procedure described in a previous study with a slight modification. 12) Genomic DNA was extracted from each plant material including soybean flour by using a silica-gel memy To whom correspondence should be addressed. Tel: +81-3-3700-9397; Fax: +81-3-3707-6950; E-mail: akiyama@nihs.go.jp Biosci. Biotechnol. Biochem., 71 (1), [269] [270] [271] [272] 2007 Note brane-type kit (DNeasy Plant Mini; Qiagen, Hilden, Germany) according to the procedure described in a previous study with some modification. 13) Genomic DNA was extracted from each soybean-derived food material and commercial food product by using an anion exchange-type kit (Genomic-tip 20/G; Qiagen, Hilden, Germany) according to the procedure described in a previous study.
14 ) The extracted DNA was diluted with the appropriate volume of distilled water (DW) to a final concentration of 20 ng/ml, and stored at À20 C until needed. When the concentration of the extracted DNA was less than 20 ng/ml, an undiluted DNA extract was used for the subsequent PCR analysis. The primers were synthesized and purified in a reversed-phase column by Operon Biotechnologies (Tokyo, Japan), and then diluted with the appropriate volume of DW to a final concentration of 50 mmol/l, and stored at À20 C until needed.
The reaction mixture for PCR was prepared in a PCR reaction tube. The reaction volume of 25 ml contained 50 ng of genomic DNA, 0.2 mM dNTP, 1.5 mM MgCl 2 , 0.2 mM of the 5 0 and 3 0 primers, and 0.625 units of AmpliTaq Gold (Applied Biosystems, Foster City, CA, USA), all topped up with DW. When the concentration of the extracted DNA was less than 20 ng/ml, 2.5 ml of an undiluted DNA extract was added to a PCR reaction tube. The reaction was buffered with PCR buffer II (Applied Biosystems), and amplified in a thermal cycler (PTC-220 DNA Engine DYAD; Bio-Rad Laboratories, CA, USA). The PCR step-cycle condition was as follows: pre-incubation at 95 C for 10 min, 40 cycles consisting of denaturation at 95 C for 0.5 min, annealing at 60 C for 0.5 min, and extension at 72 C for 0.5 min, followed by a final extension at 72 C for 7 min. After PCR amplification, agarose gel electrophoresis of the PCR product was carried out according to previous studies. 12, 13) To specifically detect soybeans by using PCR, we investigated the soybean-specific genes such as the Glycine max gene for Bd 30 K, the Kunitz trypsin inhibitor, beta-1,3-glucanase, cytosolic glutamine synthetase, the GB-D-II gene for proteinase inhibitor, vspA gene, the Bowman-Birk protease inhibitor, repetitive sequence (soybean interspersed repetitive element 1, SIRE-1) and satellite STR120-A.1. Based on these soybean-specific gene sequences, we designed the respective primer pair and examined PCR amplification by using the designed primer pairs and the mixed samples described later.
Consequently, the Glycine max repetitive sequence (SIRE-1) should be considered to be the most sensitive and specific for amplifying the gene sequence. Therefore, we chose a gene encoding SIRE-1 as a soybean-specific gene and designed the primer pair Gym 81/Gym 82 by referring to GeneBank Accession No. L06326. In addition, the primer pair, CP 03-5 0 /CP 03-3 0 , for the universal detection of DNA derived from plants was used to verify the extracted DNAs.
14) The primer pair, CP 03-5 0 /CP 03-3 0 , generated a 123-bp amplified fragment. The sequences of the designed oligonucleotides in this study are listed in Table 1 .
As shown in Fig. 1A , a fragment (118 bp) amplified by using the primer pair Gym 81/Gym 82 was specifically detected from the soybean genomic DNA. In contrast, no amplified fragment was detected when the DNA was extracted from other legumes such as lupine and peanut, as shown in Fig. 1B . In addition, 16 kinds of other plant species (wheat, rye, barley, oats, corn, rice, buckwheat, rapeseeds, almond, cashew, macadamia, pistachio, hazelnut, Brazil nut, pecan and walnut) as the template DNA are shown in Fig. 1C and D. These data suggest that the soybean-genomic DNA can be specifically detected by using the Gym 81/Gym 82 primer pair.
To assess the sensitivity of the proposed PCR method, we tested the mixed wheat flour samples containing 0, 0.001%, 0.005%, 0.01%, 0.1% and 100% of the soybean flour powder. Fifty ng of the genomic DNA extracted from the mixed samples was amplified in the PCR reaction. As expected, the target sequence for the soybeans was clearly detected in the 0.001% to 100% mixed samples. This result suggested that the contaminated soybean flour in wheat flour can be at least detected at the level of 0.001% in a product without processing. To investigate the applicability of the soybean DNA detection method for commercial food products and food materials, we purchased 18 food items and tested them for the presence of soybean DNA by using the proposed method. A sufficient amount (20 ng/ml) of genomic DNA for PCR was obtained from almost all the food products by using the purification method already described, except for the fried tofu and seasoning A. All the food product samples had soybean labeled on the list of ingredients. As shown in Table 2 , the universal primer pair CP 03-5 0 /CP 03-3 0 could generate a specific amplified fragment from all of the samples except for the fried tofu and seasoning A. In 16 food products except the fried tofu and seasoning A, soybean DNA was clearly detected with the PCR method by using the Gym 81/Gym 82 primer pair. Based on these results, we postulate that the absence of amplified PCR products from the fried tofu and seasoning A was probably due to the limited amount of genomic DNA in them. These results suggest that the proposed PCR method using the Gym 81/Gym 82 primer pair would be applicable for identifying soybean in processed food products, except for those that are highly processed.
In summary, a rapid PCR detection method was developed for the specific detection of soybeans. The methods reported in this study are simple, sensitive, and reliable for identifying a trace amount of soybean in processed foods. To minimize the risk of false negative or positive results, we believe that the PCR method can be used to complement the protein-based detection method. 
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